iitle: SiiMiCONDUClOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
DOCKET NO.: 039262-0115 



(a) STI FORMING 



102 



101 



(b) RCA CLEANING 



~ ~ v^ng^ 



(c) GATE ISOLATION 
K ' FILM FORMING 



03 



(d) 



ION 

IMPLANTATION 



i I i I I I 

hp hp 



gate electrode 

(e) FORMING 




(f) 



ION 

IMPLANTATION 



105 



S 

106 106 



SIDE WALL 
(e) INSULATION 
FILM FORMING 





I07 




105 


\v 107 




IB 





(h) 'ON 

IMPLANTATION 




FIG. 1 

RELATED ART 




0.04 O.OB O.Qfl 0.10 0.12 0,14 0.16 0.1 S 0J2O 
Rb { 4 ) |nm) 



FIG. 2 



DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 

DOCKET NO.: 039262-0115 



<»> STI FORMING 



TB8HB ' 



302 



< b ) IMPROVED 
RCA CLEANING 



OXIDATION 
<«=> FOR 

FLATTENING 



(d ) REMOVING 
OXIDE FILM 



GATE 
<»> ELECTRODE 
FORMING 



(i) "ON 

IMPLANTATION 



\ \ \ \ \ \ 



GATE 
<«> ELECTRODE 
FORMING 



30$ 



(h)"ON 

IMPLANTATION 




SIDE WALL 
«> INSULATION 
FILM FORMING 



£ 305 ^ 



0) 



ION 

IMPLANTATION 



^ 305 ^ 



30B SOB 



FIG. 3 



Title: SEMICONDUCTOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
I DOCKET NO.: 039262-0115 



402 



405 




407 



406 



1 



I I I 1 I I I I I I I I I I I 1 I I I I I I J 



401 



403 



404 



FIG. 4 





0.20 




0.18 




0.16 




0.14 


E 


0.12 


c 


0.10 


CO 




a: 


0.08 




0.06 




0.04 




0.02 




0.00 



$0* 



OXIDATION CONDITION 



FIG. 5 



Title: SEMICONDUCTOR ^ 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
DOCKET NO.: 039262-0115 



t X 1 0*- arr.'/V- tee) 

5.5 I ■ 1 ■ — — i . 1 1 1 . r 




2.5 I ■ 1 ■ I ■ I ■ 

0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 

Ra [nm] 

FIG. 6 



t-J STI FORMING 


TOX 


m 


701 


m 


^IMPROVED 








1 W RCA CLEANING 


a 


m 


OXIDATION 
<•> FOR 

FLATTENING 






^» 703 


w 


fd) REMOVING 
w OXIDE FILM 




m 




m 


GATE 
c«> INSULATION 
FILM FORMING 




m 






f,) Implantation 




1 1 : 










gate 
<*> electrode 

FORMING 














Ch) Implantation 








HH 




SIDE WALL 

n> insulation 

FILM FORMING 


g 




m ION 

« } IMPLANTATION 




O 


70t JOB 





FIG. 7 



Title: SEMICONDUCTOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
[ DOCKE T NO: 039262-01 15 




0 1000 2000 



REMNANT FILM THICKNESS (A) AFTER 
SILICON OXIDE FILM IS ETCHED BACK 



FIG. 9 



utie: SEMICONDUCTOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al 
I DOC KET NO: 039262-01 15 



II 
C 

2 

© 

> 

(3 



E 
c 

or 



0.16 
0.14 
0.12 
0.1 
0.08 
0.06 
0.04 
0.02 



ini 1 2 3 4 5 

REPEAT TIMES OF 1ST AND 2ND PROCESSES 

FIG. 10 



o. 
o, 
o. 

e 

v5 o. 
a o. 

o. 

o. 

o. 



.1 6 
14 
12 
lO 
08 
OS 
04 
02 
OO 



< 

I— 

CO 
— I 

< 



6 



o 

PS2 



>< 

O—i 

OO 



CO 
CO 
LU 

OO 
O™ 

CLQ 

O^ 

<UJ 
UJ< 



OQ 



O 
. .CM 

co=n 

COq 
LUQ] 

£< 

Olu 
?0 
ZO 

<9S 

LUQ 



CO. 



< 

COLU 

men 

OI3 
OCO 

oco 

Q_Q_ 

°§ 



CLEANING METHODS 



FIG. 11 



Title: SEMICONDUCTOR > 
DEVICE AND METHOD OF 
! MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 

1 DOCKET NO.: 039262-01 15 

v J 




FIG. 12 



Title: SEMICONDUCTOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventors): Tadahiro OHMI et al. 



DOCKET NO: 039262-0115 



ISOTROPIC OXIDATION 




FUG. H3A 



ANISOTROPIC OXIDATION 



BMD etc ^ 




FUG. 1 





FI< 



Title: SEMICONDUCTOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
DOCKET NO.: 039262-01 15 



(a) STI FORMING 



502 



(b) IMPROVED 
lw RCA CLEANING 



(o) 



OXIDATION FOR 
FLATTENING 



(d) REMOVING 
w OXIDE FILM 



GATE INSULATION 
FILM FORMING 



( " IMPLANTATION 



1 1 I I I 1 



(g) 



GATE ELECTRODE 
FORMING 





505 









(h) 



ION 




505 










IMPLANTATION 

















SIDE WALL 
(i) INSULATION 
FILM FORMING 



507 ^ 


505 


V- 507 















(j) 



ION 

IMPLANTATION 



j 505 



508 508 



FIG. 15 



Title: SEMICONDUCTOR 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
^ DOCKET NO. : 039262-0 1 1 5 



0.16 
^ 0.14 
9. 0.12 

V 01 

0 0.08 



E 



0.06 
0.04 
0.02 
0 



X 



mi 



2 3 4 

REPEAT TIMES OF 1ST AND 2ND 
PROCESSES 



FIG. 16 



14 



12 
10 
8 



I 6 



10 20 30 40 50 
treatment time (min) 



60 



70 




FIG. 17 



Title: SEMICONDUCTOR ^ 
DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
Inventor(s): Tadahiro OHMI et al. 
DOCKET NO.: 039262-01 15 



0.16 
® 0.14 
<= 0.12 

V 01 

© 0.08 
0.06 
0.04 
0.02 
0 



ini 



1 2 3 

REPEAT TIMES OF 1ST AND 2ND 
PROCESSES 



FIG. 18 



Title: SEMICONDUCTOR 
' DEVICE AND METHOD OF 
I MANUFACTURING THE SAME 
! Inventor(s): Tadahiro OHMI et al. 
; DOCKET NO.: 039262-01 15 



no 
e 



no 
c 

CO 

ts 

(0 
■•-> 

c 
o 
o 



100.0 
90.0 
80.0 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 
10.0 
0.0 



CV2 




CV1 



Ra = 0. 12nm 
Ra = 0. 1 5nm 



10 100 
exposure time in CR (min) 



FIG. 19 



0.025 



0.02 



3 

co 0.015 



© 
o 
c 
to 

JQ 
u 
O 

w 

-Q 

CO 



0.01 



0.005 



i HYDROGEN-ADDED WATER + 

J - - - HYDROGEN-ADDED WATER 










J 


% 1 
■ I 







0 

2130 



2120 2110 2100 2090 2080 
Wavenumber (/cm) 



2070 2060 2050 



FIG. 20 



Title: SEMICONDUCTOR 
; DEVICE AND METHOD OF 
! MANUFACTURING THE SAME 
j Inventor(s): Tadahiro OHMI et al. 
I DOCKET NO.: 039262-0115 




I—.. . - - I o 

9 o — 04 n t m T ~ 

° o o o o o o 
[ZH/zAl J9M0d 3S|0N 




o o 



L-oes^AgWo] Aiinqouu 9|oh 



